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(57) A control valve is used for a cooling apparatus 
having a compressor including a displacement variation 
mechanisnn and an external refrigerant circuit con- 
nected to the compressor to form a cooling circuit. The 
discharge displacement of the compressor is regulated 
by controlling a control pressure, which acts on the dis- 
placement control mechanism. The control valve has a 
housing and an internal passage. The internal passage 
includes a valve chamber defined in the housing. A 
valve body is located in the valve chamber and controls 
the opening degree of the internal passage. A first pres- 
sure sensing structure senses the differential pressure 
between two pressure monitoring points in the cooling 
circuit, that is, a primary pressure, and transmits a force 
corresponding to the primary pressure to the valve 
body. A second pressure sensing structure senses a 
secondary pressure, which is different from the primary 
pressure, and applies the secondary pressure to the 
valve body. The valve body is positioned in the valve 
chamber by a combination of forces corresponding to 
the primary pressure and the secondary pressure, and 
the opening degree of the internal passage is controlled 
accordingly. 
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Description 

BACKGROUND OF THE INVENTION 

5 [0001] The present invention relates to a control valve used for a displacement variable compressor that is capable 
of changing its displacement based on a control pressure, which acts on a displacement variation mechanism. 
[0002J A cooling circuit of a vehicle air conditioner generally includes a condenser, an expansion valve, which is 
used as a pressure reducing device, an evaporator and a compressor. The compressor draws refrigerant gas from the 
evaporator, compresses it and discharges the compressed gas to the condenser. The evaporator receives heat from 

10 the passenger compartment air and heats the refrigerant gas that flows In the cooling circuit. In accordance with the 
magnitude of the heat load and the cooling load, the heat of air that passes through the evaporator is transferred to the 
refrigerant that flows within the evaporator. Thus, the refrigerant gas pressure at the outlet or the downstream side of 
the evaporator reflects the magnitude of the air conditioning load. 

[0003] A variable displacement swash plate type compressor, which is typically used in vehicles, includes a dis- 
15 placement control mechanism for controlling the outlet pressure of the evaporator (referred to as the suction pressure 
Ps) to maintain a desired target value (referred to as the set suction pressure). The displacement control mechanism 
performs feed back-control of the discharge displacement, that is, the angle of the swash plate, using the suction pres- 
sure Ps as the control index to achieve a flow rate of the refrigerant that corresponds to the magnitude of the cooling 
load. A typical example of such a displacement control mechanism is called an internal control valve. By sensing the 
20 suction pressure Ps with a pressure sensing member such as bellows, a diaphragm or the lil<e in the internal control 
valve and using the motion of the pressure sensing member for positioning a valve body, the pressure (crank pressure 
Pc) in the swash plate chamber (also called the crank chamber) is controlled to determine the swash plate angle. 
[0004] Further, since a simple internal control valve, which can have only a single preset suction pressure, cannot 
address fine air conditioning control needs, there are control valves that can change the preset suction pressure by 
25 external electrical control. Such control valves effect the change of the preset suction pressure by employing an actua- 
tor, such as an electromagnetic solenoid or the like, to apply force to the valve body. 

[0005] A compressor to be used in a vehicle is generally driven by the vehicle engine. The compressor generally 
consumes the most engine power (or torque) of the several auxiliary machines that are driven by the engine. Thus, 
there is no doubt that the compressor is a large load on the engine. Accordingly, a typical vehicle air conditioner has a 
30 program for reducing the engine load by minimizing the discharge displacement of the compressor when engine power 
is needed for other purposes, such as accelerating the vehicle or driving the vehicle uphill. In an air conditioner using 
the variable displacement compressor including the above-described suction pressure varying valve, substantial dis- 
placement reduction is realized by changing the preset suction pressure of the control valve to a value higher than a 
usual preset suction pressure. 

35 [0006] The operation of the variable displacement compressor with a preset suction pressure variable valve was 
analyzed in detail. As a result, it has been found that, as long as a suction pressure Ps-indexed feedback control is 
involved, the expected displacement reduction (that is, a decrease in the engine load) will not be necessarily realized. 
The graph of Fig. 14 conceptionally shows the relationship between the suction pressure Ps and the discharge dis- 
placement Vc of the compressor. As can be seen from this graph, the curve (characteristic line) between the suction 

40 pressure Ps and the discharge displacement Vc is not one kind. There are a plurality of curves in accordance with the 
magnitude of the heat load in the evaporator. Thus, even if a certain pressure Psi is given as the preset suction pres- 
sure Pset, which is a target value of the feedback control, a constant variation (AVc in the graph) is generated by the 
conditions of the heat load on the actual discharge displacement Vc that results from the operation of the control valve. 
For example, when the heat load in the evaporator is very high, even if the preset suction pressure Pset is increased 

45 sufficiently, the actual discharge displacement Vc may not be decreased enough to sufficiently reduce the engine load. 
[0007] Further, as long as the above-described displacement limiting control is temporary, it is necessary to return 
the discharge displacement Vc of the compressor to the discharge displacement Vc that existed before the displace- 
ment limiting procedure. When the return of the displacement occurs very rapidly, an uncomfortable shock or noise is 
experienced by the vehicle passengers. Accordingly, it is prefen-ed that the discharge displacement Vc be returned to 

50 normal gradually. 

[0008] The graph of Fig. 1 5 shows various patterns of the displacement Vc of the compressor, which correlates with 
the load torque, over time before and after the displacement limiting control procedure. The patterns shown by the solid 
lines in this graph are substantially ideal linear return processes. On the contrary, as long as the control procedure is 
based on the suction pressure Ps, gentle linear retum patterns as shown in Fig. 1 5 by the solid lines cannot be realized 
55 by monotonously controlling (that is. a monotonous return to the previous amount of energization of the electromagnetic 
solenoid) the preset suction pressure Pset. Thus, the displacement Vc abruptly increases along one of two return pat- 
terns as shown by broken lines in Fig. 15. 

[0009] One pattern is a pattern in which the discharge displacement Vc immediately rises, and the other pattern is 
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a pattern in which the discharge displacennent Vc immediately rises after a considerable delay. These patterns are phe- 
nomena that are derived from the fact that the suction pressure Ps and the discharge displacement Vc of the compres- 
sor have no definite relationship. Thus, in trying to achieve a more ideal pattern for the displacement return after 
reducing the displacement, there was a limit based on the conventional suction pressure Ps control. 
5 [0010] The technique of controlling the discharge displacement Vc of the displacement variable compressor based 
on the suction pressure Ps, which reflects the heat load in the evaporator, was an appropriate technique in attaining the 
original purpose of stabilizing and maintaining the compartment temperature. Howevier, to achieve a rapid reduction in 
the discharge displacement and then to return to the original discharge displacement Vc in a pattern that avoids shock 
or noise, control must be based on something other than the suction pressure Ps. 

10 

SUMMARY OF THE INVENTION 

[0011] An object of the present invention is to provide a control valve for a displacement variable compressor that 
is capable of controlling the discharge displacement of a compressor for stabilizing and maintaining the compartment 

15 temperature, of rapidly changing the discharge displacement and returning the displacement to normal. Specifically, the 
object of the present invention is to provide a control valve that accurately controls the displacement in the vicinity of the 
lowest discharge displacement and that permits direct control of the discharge displacement over a wide range. 
[0012] To achieve the foregoing and other objectives and in accordance with the purpose of the present invention, 
a control valve for a cooling apparatus is provided. The apparatus has a compressor, which includes a displacement 

20 mechanism, an external refrigerant circuit, which is connected to the compressor to form, together with the compressor, 
a cooling circuit. The control valve changes the discharge displacement of the compressor by controlling a control pres- 
sure that acts on the displacement variable mechanism. The valve includes a housing, an internal passage provided In 
the housing, a movable valve body provided in the valve chamber for controlling the opening degree of the internal pas- 
sage, a first pressure sensing structure and a second pressure sensing structure. The internal passage includes a valve 

25 chamber. The first pressure sensing structure senses the difference between two pressure monitoring points located in 
the cooling circuit. The difference is a primary pressure. The first pressure sensing structure transmits a force corre- 
sponding to the primary pressure to the valve body. The second pressure sensing structure senses a secondary pres- 
sure that is different from the primary pressure and applies a force corresponding to the secondary pressure to the. 
valve body. The valve body is positioned in the valve chamber by a combination of forces con-esponding to the primary- 

30 pressure and the secondary pressure to control the opening degree of the internal passage. 

[001 3] The control valve is a valve mechanism for controlling the control pressure that is used for the discharge dis- 
placement control of the displacement variable compressor by controlling the opening degree of the passage in the 
valve. In the control valve of the present invention, the primary and secondary pressures are used to influence the posi- 
tion of the valve body in the valve chamber. The primary pressure is the differential pressure between two pressure 

35 monitoring points in the refrigerant circulating circuit. The differential pressure reflects the flow rate of the refrigerant in 
the circuit, that is, a discharge amount of the refrigerant from the compressor, and is used as an Index for estimating the 
discharge displacement of the compressor. Therefore, by using the first pressure sensing structure, which presses the 
valve body in a specific direction based on the primary pressure (the differential pressure between two points), the pri- 
mary pressure can be used as the driving force for controlling the opening degree of the valve in feedback-controlling 

40 the discharge displacement of the compressor. Accordingly, the discharge displacement, which conrelates with the load 
torque of the compressor, can be directly controlled, and defects in the conventional, suction pressure sensing type 
control valve are overcome. However, if the displacement control of the compressor can be successfully achieved using 
only the primary pressure, there is no problem. However, there is a difficulty. In the actual refrigerant circulating circuit, 
there is no necessarily proportional relationship between the differential pressure between the two pressure monitoring 

45 points and the actual refrigerant flow rate. The relationship generally has a non-linear relationship (see Fig. 5) and par- 
ticularly, the change of the differential pressure with respect to the change of the flow rate is extremely small in a small 
flow rate region. Thus, even if the positioning of the valve body is based only on the primary pressure in a case where 
a smaller discharge displacement of the compressor is needed, precise and stable control is difficult. Therefore, in the 
control valve of the present invention, the second pressure sensing structure as well as the first pressure sensing struc- 

so ture are used, and the valve body can be moved by the secondary pressure, which is different from the primary pres- 
sure, and the drawbacks of using only the primary pressure are mitigated. 

[0014] According to the present invention, by using both the first and second pressure sensing structures, the valve 
body can be positioned in the valve chamber based on the combination of the primary and secondary pressures. More 
specifically, when the refrigerant flow rate in the refrigerant circulating circuit is small and the primary pressure is also 
55 small, the secondary pressure has a relatively stronger influence on the positioning of the valve body. On the other 
hand, when the refrigerant flow rate in the refrigerant circulating circuit is comparatively larger, the primary pressure has 
a relatively stronger influence on the positioning of the valve body. In any case, a combination force of the primary and 
secondary pressures act on the valve body for controlling the opening degree of the valve without being influenced by 
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the refrigerant flow rate in the refrigerant circulating circuit. Therefore, the control labinty of the opening degree of the 
valve is improved over substantially the whole range of the refrigerant flow rate, and direct control of the discharge dis- 
placement of the compressor over a wide range is achieved. If such a control valve is used, the displacement control of 
the compressor for stabilizing and maintaining the passenger compartment temperature is possible under normal con- 
5 ditions, and rapid change of the displacement of the compressor and the subsequent return can be achieved under 
exceptional conditions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

10 [001 5] The invention, together with objects and advantages thereof, is best understood by reference to the following 
description of the presently preferred embodiments together with the accompanying drawings in which: 

Rg. 1 is a cross-sectional view of a variable displacement swash plate type compressor of a first embodiment 
according to the present invention; 
15 Fig. 2 is a circuit diagram showing the general elements of a refrigerant circulating circuit for the compressor of Fig. 

Rg. 3 is a cross -sectional view of the control valve of the compressor of Fig. 1 ; 

Rg. 4 is a cross-sectional view illustrating the positioning of the working rod of the control valve of Fig. 3; 

Fig, 5 is a graph showing characteristics of a fixed restrictor of the compressor of Fig. 1 ; 
20 Rg. 6 is a graph showing characteristics of the control valve of Fig. 3; 

Rg. 7 is a graph showing characteristics of a refrigerant circulating circuit with a fixed restrictor and a control valve; 

Rg. 8 is a flow chart of the main routine of the displacement control of the compressor of Fig. 1 ; 

Rg. 9 is a flow chart of a usual control routine; 

Rg. 10 is a flow chart of a control routine used during acceleration; 
25 Rg. 1 1 is a circuit diagram showing the general elements of a refrigerant circulating cin^ult of a second embodi- 
ment; 

Rg. 12 is a cross-sectional view of the control valve of Fig. 1 1 ; 

Rg. 13 is a cross-sectional view Illustrating the positioning of the working rod of the control valve of Fig. 12; 
Rg. 14 is a graph showing the relationship between the suction pressure and the discharge displacement in the 
30 prior art; and 

Rg. 15 is a graph showing the time changes of the discharge displacement before and after the displacement lim- 
iting control. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

35 

First Embodiment 

[0016] A first embodiment embodied in a control valve of a variable displacement swash plate type compressor that 
forms a vehicle air conditioner will be described with reference to Figs. 1 to 10. 

40 [0017] As shown in Rg. 1 . a variable displacement swash plate type compressor (hereinafter simply referred to as 
the compressor) includes a cylinder block 1 , a front housing member 2 connected to the former front end, and a rear 
housing member 4 connected to the rear end of the cylinder block 1 through a valve plate 3. These members are con- 
nected to each other with a plurality of through bolts 1 0 (only one is shown) to form the housing of the compressor. In 
the region sun-ounded by the cylinder block 1 and the front housing member 2, a crank chamber 5 is defined as a control 

45 pressure region. A drive shaft 6 is rotatably supported by a pair of radial bearings 8A, 88 in the crank chamber 5. A 
spring 7 and a rear thrust bearing 9B are provided In a receiving recess formed in the center of the cylinder block 1. On 
the other hand, a lug plate 1 1 is integrally and rotatably fixed to the drive shaft 6 in the crank chamber 5. Between the 
lug plate 1 1 and the inner wall surface of the front housing member 2 is a front thrust bearing 9A. The integrated drive 
shaft 6 and the lug plate 1 1 are positioned by the rear thrust bearing 9B, which is forward biased with the spring 7, and 

50 the front thrust bearing 9A in the thrust direction. 

[0018] The front end portion of the drive shaft 6 is connected to an external driving source, which is a vehicle engine 
in this embodiment, through the power transmission mechanism PT The power transmission mechanism PT may be a 
clutch mechanism (for example, an electromagnetic clutch) capable of engaging and disengaging under external elec- 
trical control, or the power transmission mechanism may be a clutchless mechanism (for example, combination of a belt 

55 and a pulley) . The present embodiment has a clutchless type power transmission mechanism PT 

[0019] As shown in Fig. 1, a swash plate 12 is received in the crank chamber 5. At the center of the swash plate 12 
is a hole through which the drive shaft 6 passes. The swash plate 12 is connected to the lug plate 1 1 and the drive shaft 
6 through a hinge mechanism 13. The hinge mechanism 13 includes two supporting arms 14 (only one shown) pro- 
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jected from the rear surface of the lug plate 1 1 and two guide pins 15 (only one shown) projected from the front surface 
of the swash plate 1 2. By the engagement of the supporting arm 1 4 with the guide pins 1 5 and between the swash plate 
12 and the drive shaft 6. the swash plate 12 is integrally rotated with the lug plate 1 1 and the drive shaft 6 and inclines 
with respect to the drive shaft 6 while sliding in the axial direction of the drive shaft 6. The swash plate 12 has a coun- 

5 tenweight portion 1 2a located on the opposite side of the drive shaft 6 from the hinge mechanism. 

[0020] Between the lug plate 1 1 and the swash plate 12 a spring 16 surrounds the drive shaft 6. The spring 16 
urges the swash plate 12 in the direction of the cylinder block 1 . Further, between a restriction ring 1 8 fixed to the drive 
shaft 6 and the swash plate 12 a return spring 17 is provided around the drive shaft 6. When the swash plate 12 is 
greatly tnclned (snown by the broken line), it does not apply force to the swash plate 1 2. However, when the swash plate 

10 1 2 has a small inclination (shown by a solid line), the return spring 1 7 is compressed between the restriction ring 1 8 and 
the swash plate 12 to urge the swash plate 12 in a direction away from the cylinder block 1 (in a direction to increase 
the inclination). The natural length of the spring 1 7 and the position of the restriction ring 18 are set so that the return 
spring 1 7 is not compressed to the limit when the swash plate 12 reaches the minimum inclination angle 6min (for exam- 
ple, an angJe in the range of 1 to 5** ) during the operation of the compressor. 

15 [0021 ] in tie cylinder block 1 , a plurality of cylinder bores 1 a (only one shown) is formed so that the bores 1 a sur- 
round the drive shaft 6. The rear end of each cylinder bore 1 a is closed with the valve plate 3. A single-head type piston 
20 is located m each bore la. and each bore 1 a thus defines a compression chamber, the volume of which changes in 
accordance w^r-. tne movement of the piston 20. The front end portion of each piston 20 ,1s secured to the periphery of 
the swash piaie 12 tn^oug^ a pair of shoes 19, and each piston 20 is connected to the swash plate 12 through the cor- 

20 responding snoe? 1 9 Tius by the Integral rotation of the swash plate 12 with the drive shaft 6, the rotary motion of the 
swash plate i? u< ccnvftrteri to reciprocating linear motion of the piston 20. and the piston stroke corresponds to the 
inclination ang«e «» 

[0022] Furtner. between the valve plate 3 and the rear housing member 4 are a suction chamber 21 and a dis- 
charge chamber 22. which surrounds the suction chamber 21 , The valve plate 3 is a lamination of a plate for forming a 
25 suction valve, a port-forming plate, a plate for forming a discharge valve and a retainer-forming plate. The valve plate 3 
includes, for each bore i a, a suction port 23, a suction valve 24 which opens and closes the suction port 23, a discharge 
port 25 and a discharge valve 26, which opens and closes the discharge port 25. 

[0023] The suction chamber 21 is connected to each cylinder bore 1 a through the suction port 23, and each cylin- 
der bore 1 a is connected to the discharge chamber 22 through the discharge port 25. Refrigerant gas introduced from 

30 the outlet of an evaporator 33 to the suction chamber 21 (the region of the suction pressure Ps) is drawn into the cylin- 
der bore 1 a through the suction port 23 and the suction valve 24 by the movement from the top dead center to the bot- 
tom dead center of each piston 20. The refrigerant gas drawn into the cylinder bore la is compressed to a 
predetermined pressure by the movement from the bottom dead center to the top dead center of each piston 20 and is 
discharged to the discharge chamber 22 (the region of the discharge pressure Pd) through the discharge port 25 and 

35 the discharge valve 26. High pressure refrigerant gas in the discharge chamber 22 is sent to a condenser 31 . 

[0024] When the drive shaft 6 is rotated by the power supply from engine E in this compressor, the swash plate 12 
is rotated. The inclination angle 6 of the swash plate 12 is the angle formed by a plane perpendicular to the drive shaft 
6 and the swash plate 12, With the rotation of the swash plate 1 2, each piston 20 is reciprocated by a stroke con-espond- 
ing to the inclination angle 0, and the suction, compression and discharge of the refrigerant gas are repeated. 

40 [0025] The inclination angle 6 of the swash plate 12 is determined by the balance between various kinds of 
moments, such as a moment due to centrifugal force during rotation of the swash plate 12, a moment due to the force 
of the spring 16 (and the return spring 17), a moment due to inertia of each piston 20, and a moment due to gas pres- 
sure. The gas pressure moment is a moment generated based on the relationship between the inner pressure in the 
cylinder bore and the inner pressure (crank pressure Pc) in the crank chamber 5. The crank pressure Pc is a control 

45 pressure that corresponds to the piston back pressure. The gas pressure moment acts both in the direction to decrease 
the inclination of the swash plate 12 and in the direction to increase the inclination of the swash plate 12 according to 
the crank pressure Pc. 

[0026] In this compressor, by controlling the crank pressure Pc using a control valve, which will be described later, 
to appropriately change the gas pressure moment, the inclination angle 8 of the swash plate 12 can be set at between 
50 the minimum inclination angle Gmin and the maximum inclination angle Smax. The maximum inclination angle Gmax is 
limited by the abutment of the counterweight portion 12a of the swash plate 12 against the restriction portion 1 la of the 
lug plate 1 1 . On the other hand, the minimum inclination angle Gmin is determined by a balance of forces between the 
spring 1 6 and the return spring 1 7. 

[0027] A crank pressure control mechanism for controlling the crank pressure Pc associated with the inclination 
55 angle control of the swash plate 12 includes a bleed passage 27 in the compressor housing shown in Fig. 1 , a supply 
passages 28, 38 and the control valve. The bleed passage 27 connects the suction chamber 21 to the crank chamber 
5. On the other hand, the supply passage 28, 38 connects a pressure monitoring point P2, which is a high pressure 
region, to the crank chamber 5. The control valve is between the supply passage 28, 38. The supply passage 28. 38 
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includes a second pressure detecting passage 38, which connects the pressure monitoring point P2 to the control 
valve, and a connecting passage 28, which connects the control valve to the crank chamber 5. A balance between the 
flow rate of a high pressure discharge gas Into the crank chamber 5 through the supply passages 28, 38 and the flow 
rate of gas from the crank chamber 5 through the bleed passage 27 is controlled by controlling the opening degree of 
5 the control valve. Thus, the control valve controls the crank pressure Pc. In accordance with the difference between the 
crank pressure Pc and the Inner pressure of the cylinder bores 1 a varies, and the Inclination angle 9 of the swash plate 
12 is varied accordingly. As a result, the stroke of the piston 20 and the discharge displacement are controlled. 

(Refrigerant Circulating Circuit) 

10 

[0028] As shown in Figs. 1 and 2, the cooling circuit of the vehicle air conditioner includes a compressor and an 
external refrigerant circuit 30. The external refrigerant circuit 30 includes for example a condenser 31 , a temperature 
expansion valve 32, which is used as a reducing device, and an evaporator 33. The opening degree of the expansion 
valve 32 is feedback-controlled based on the temperature detected by a temperature sensitive tube located on the out- 
15 let side, or the downstream side, of the evaporator 33 and the evaporation pressure (the outlet pressure of the evapo- 
rator 33) . The expansion valve 32 supplies liquid refrigerant corresponding to the heat load to the evaporator 33 to 
control the flow rate of the refrigerant in the extemal refrigerant circuit 30. 

[0029] A downstream part of the external refrigerant circuit 30 is provided with a refrigerant flow pipe 35, which con- 
nects the outlet of the evaporator 33 to the suction chamber 21 of the compressor. An upstream part of the external 

20 refrigerant circuit 30 is provided with a refrigerant flow pipe 36, which connects the discharge chamber 22 of the com- 
pressor to the entrance of the condenser 31, The compressor draws refrigerant gas in the suction chamber 21, which 
is drawn from the downstream part of the external refrigerant circuit 30, compresses the gas. and discharges the com- 
pressed gas to the discharge chamber 22. which is connected to the upstream part of the external refrigerant circuit 30. 
The condenser 31 and the discharge chamber 22 of the compressor form a high pressure region. The high pressure 

25 region includes a passage between the condenser 31 and the discharge chamber 22. The evaporator 33 and the suc- 
tion chamber 21 of the compressor form a low pressure region. The low pressure region includes a passage between 
the evaporator 33 and the suction chamber 21. 

[0030] The larger the flow rate Q of the refrigerant in the refrigerant circulating circuit, the larger the pressure loss 
per unit length of the circuit is. That is, the pressure loss (differential pressure) between the two pressure monitoring 

30 points PI. P2 spaced apart along the refrigerant circulating circuit has a positive correlation with the fiow rate of refrig- 
erant in the circuit. Accordingly, detecting the differential pressure (PdH - PdL = primary pressure APX) between the 
two pressure monitoring points PI , P2 results in the indirect detection of the flow rate Q of refrigerant in the refrigerant 
circulating circuit In the present embodiment, the pressure monitoring point PI, which is a high pressure, upstream 
monitoring point, is located in the discharge chamber 22 at the most upstream area of the pipe 36. The pressure mon- 

35 itoring point P2. which is a low pressure downstream monitoring point on is located at a position in the middle of the 
pipe 36 and is spaced by a predetermined distance from the point Pi . The gas pressure PdH at the pressure monitoring 
point Pi and the gas pressure PdL at the pressure monitoring point P2 are applied to the control valve through a first 
pressure detecting passage 37 and a second pressure detecting passage 38, respectively. 

[0031] Between the pressure monitoring points Pi , P2 is a fixed restrictor 39 for increasing the pressure difference 
40 between the two points. Even if the distance between the two pressure monitoring points PI , P2 is not great, the fixed 
restrictor 39 increases the primary differential pressure APX between PI and P2. Thus, by providing the fixed restrictor 
39 between the pressure monitoring points PI , P2, particularly, the pressure monitoring points P2 can be located closer 
to the compressor, and the part of the second pressure detecting passage 38 that is between the pressure monitoring 
point P2 and the control valve can be shortened. Incidentally, the pressure PdL at the pressure monitoring point P2 Is 
45 significantly higher than the crank pressure Pc even if it is lower than PdH due to the fixed restrictor 39. 

[0032] Rg. 5 is a graph showing the characteristics of the fixed restrictor 39. This graph shows that the relationship 
between the primary differential pressure APX and the flow rate Q per unit time through the fixed restrictor 39 is nonlin- 
ear. The larger the primary differential pressure APX, the smaller the rate of change in the refrigerant flow rate Q. and 
the smaller the primary differential pressure APX is, the greater the rate of change in the refrigerant flow rate Q. There- 
50 fore, if the refrigerant flow rate Q is controlled based only on the primary differential pressure APX, It is necessary to 
finely change the primary differential pressure APX in the region of the graph where the primary differential pressure 
APX is small. 

(Control Valve) 

55 

[0033] As shown in Fig. 3, the control valve has a valve portion, which is the upper part, and a solenoid portion 1 00, 
which is the lower part. The valve portion controls the opening degree (amount of throttling) of the supply passage 28, 
38. which connects the pressure monitoring point P2 to the crank chamber 5. The solenoid portion 100 is an electro- 
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magnetic actuator for moving a worl<ing rod 40 of the control valve based external control signals. The working rod 40 
includes a connecting portion 42 at the distal end of the rod, a valve body portion 43 at a shoulder portion of the rod 40, 
and a guide portion 44, When the diameters of the connecting portion 42 and the guide portion 44 (and the valve body 
portion 43) are defined as d1 and d2, respectively, the relationship d1 < d2 exists. The cross-sectional area SB of the 
5 connecting portion 42 is jc(d1/2)2 , and the cross-sectional area SD of the guide rod portion 44 (and the valve body por- 
tion 43) is 7c(d2/2)2 . 

[0034] A valve housing 45 includes a cap 45a. an upper body 45b, which fomns the outer periphery of the valve por- 
tion, and a lower body 45c, which forms the outer periphery of the solenoid portion 100. The cap 45a is fixed to the 
upper body 45b. A valve chamber 46 and a connecting passage 47 are defined in the upper body 45b of the valve hous- 

10 ing 45. and between the upper body 45b and the cap 45a is a pressure sensing chamber 48. The worl<ing rod 40 moves 
within the valve chamber 46, the connecting passage 47 and the pressure sensing chamber 48 in the axial direction 
(the vertical direction in Fig. 3). The valve chamber 46 and the connecting passage 47 are connected to each other and 
blocked in accordance with the position of the working rod 40. On the other hand, the connecting passage 47 and the 
pressure sensing chamber 48 (the second pressure chamber 56) are always connected to each other. 

15 [0035] The bottom wail of the valve chamber 46 is formed by the upper end surface of a fixed iron core 62. The 
peripheral wall of the valve housing 45 that surrounds the valve chamber 46 includes an exit port 51 that extends in the 
radial direction. The exit port 51 connects the valve chamber 46 to the crank chamber 5 via the connecting passage 28, 
which is the downstream part of the supply passage 28, 38. The peripheral wall of the valve housing 45 that surrounds 
the second pressure chamber 56 includes an entrance port 52, which extends in the radial direction. The entrance port 

20 52 connects the connecting passage 47 to the pressure monitoring point P2 via the second pressure chamber 56 and 
the second pressure detecting passage 38. Therefore, the port 51 , the valve chamber 46. the connecting passage 47. 
the second pressure chamber 56 and the port 52 form a part of the supply passage 28. 38 that connects the pressure 
monitoring point P2 to the crank chamber 5 and that is located in the control valve. 

[0036] The valve body portion 43 of the working rod 40 is located in the valve chamber 46. The inner diameter d3 
25 of the connecting passage 47 is larger than the diameter d1 of the connecting portion 42 of the working rod 40 and is 
smaller than the diameter d2 of the guide rod portion 44. The cross-sectional area (bore diameter area) SC of the con- 
necting passage 47 is K(d3/2f . The bore diameter area SC is larger than the cross -sectional area SB of the connecting 
portion 42 and is smaller than the cross -sectional area SD of the guide rod portion 44, Accordingly, a step located at 
the boundary between the valve chamber 46 and the connecting passage 47 functions as a valve seat 53, and the con- 
30 necting passage 47 is a valve hole. When the working rod 40 is moved upward from the position in Fig. 3 (the lowest 
position) to the uppermost position, where the valve body portion 43 is seated on the valve seat 53, the connecting pas- 
sage 47 is blocked or closed. That is, the valve body portion 43 of the working rod 40 is a valve body that controls the 
opening degree of the supply passage 28, 38. 

[0037] A movable member 54 is located in the pressure sensing chamber 48 and serves as a first pressure sensing 
35 structure, The movable member 54 is cup shaped and divides the pressure sensing chamber 48 into two parts. The 
pressure sensing chamber 48 is divided into a first pressure chamber 55, which is used as a high pressure chamber, 
and a second pressure chamber 56, which is a low pressure chamber. The bottom of the movable member 54 sepa- 
rates the first pressure chamber 55 and the second pressure chamber 56 and does not allow gas to flow between the 
pressure chambers 55, 56. The cross -sectional area SA of the bottom wall of the movable member 54 is larger than the 
40 bore diameter area SC of the connecting passage 47. 

[0038] The first pressure chamber 55 is always connected to the discharge chamber 22, which is the upstream 
pressure monitoring point PI through a port 55a formed in the cap 45a and the first pressure detecting passage 37. On 
the other hand, the second pressure chamber 56 is always connected to the downstream pressure monitoring point P2 
through the port 52 and the second pressure detecting passage 38. That is, the first pressure chamber 55 is exposed 
45 to the pressure PdH, and the second pressure chamber 56 is exposed to the pressure PdL at the pressure monitoring 
point P2 in the supply pipe. Accordingly the upper and lower surfaces of the bottom wall of the movable member 54 are 
exposed to the pressures PdH and PdL, respectively. 

[0039] The distal end of the connecting portion 42 of the working rod 40 is located in the second pressure chamber 
56. The distal end of the connecting portion 42 is connected to the movable member 54. A return spring 57 is located 
50 in the first pressure chamber 55. The return spring 57 urges the movable member 54 toward the second pressure 
chamber 56. 

[0040] The solenoid portion 1 00 of the control valve includes a cup-like receiving cylinder 61 . A fixed iron core 62 
is fixed to the upper portion of the receiving cylinder 61, and a solenoid chamber 63 is defined In the receiving cylinder 
61 . A movable iron core 64 is located in the solenoid chamber 63. At the center of the fixed iron core 62 is an axial guide 
55 hole 65, and the guide rod 44 is fitted in the guide hole 65. Between the inner wall of the guide hole 65 and the guide 
rod portion 44 is a slight gap (not shown). The valve chamber 46 and the solenoid chamber 63 are connected to each 
other through the gap. Therefore, the solenoid chamber 63 and the valve chamber 46 are exposed to the crank pres- 
sure Pc. 
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[0041] The solenoid chamber 63 also receives the proximal end of the working rod 40. The lower end of the guide 
rod portion 44 is in the solenoid chamber 63 and is fitted to a hole in the center of the movable iron core 64 and fixed 
to the iron core 64 by crimping. Accordingly, the movable iron core 64 and the working rod 40 are integrally moved in 
the axial direction. In the solenoid chamber 63 is a buffer spring 66. The buffer spring 66 pushes the movable iron, core 
5 64 closer to the fixed iron core 62, which urges the movable iron core 64 and the working rod 40 upward. The buffer 
spring 66 has a smaller spring force than the return spring 57. Thus, the return spring 57 functions as initializing means 
for returning the movable iron core 64 and the working rod 40 to the lowest position (the initial position when the sole- 
noid is not excited) . 

[0042] A coil 67 is wound about the fixed iron core 62 and the movable iron core 64. The coil 67 is supplied with a 
10 driving signal from a driving circuit 72 In response to instructions from the control device 70. The coil 67 generates elec- 
tromagnetic force F having a magnitude corresponding to the amount of power supplied. Then, the movable iron core 
64 is pulled toward the fixed iron core 62 by the electromagnetic force F, and the working rod 40 is moved upward. 
[0043] The energization control of the coil 67 is done by controlling a voltage applied to the coil 67. The control of 
the voltage applied is generally performed by means for changing the voltage value Itself or a PWM process. The PWM 
15 process is a process in which the average voltage is controlled by applying constant cycle pulse-shaped voltage and 
changing the time of the pulse. The applied voltage is defined as pulse voltage value multiplied by the quotient pulse 
width/pulse cycle The cuoticrt pulse width/pulse cycle is called the duty ratio, and the PWM applied voltage control 
may be also caiiea outy contrci When the PWM process Is used, the current that flows through the coll is pulsed, and 
it is expected iha! this crange of tne current becomes dither, and hysteresis can be effectively reduced. Further, meas- 
20 uring the coil current and using the measured cun'ent as the feedback data in the voltage to be applied is also generally 
performed to confoi tnp coti current. In the present embodiment, duty control is employed. Due to the structure of the 
control valve, sma ler dury ratic increases the opening degree of the valve and a larger duty ratio decreases the opening 
degree of the valve. 

25 (Operational Conditions and Characteristics of Control Valve) 

[0044] The opening degree of the control valve of Fig. 3 is defined in accorciance with the position of the wori<ing 
rod 40. By considering the various forces that act on the working rod 40. the operational conditions and the character- 
istics of the control valve will become clear. 

30 [0045] As shown in Fig. 4, a downward force f1 of the return spring 57 and a downward force based on the primary 
differential pressure APX (PdH - PdL), which acts on the movable member 54, acts on the upper end surface of the con- 
necting portion 42 of the working rod 40. Although the pressure receiving surface area of the upper surface of the bot- 
tom wall of the movable member 54 is SA. the pressure receiving surface area of the lower surface of the bottom wall 
of the movable member 54 is (SA - SB). If the total force LF^ that acts on the connecting portion 42. using the downward 

35 direction as the positive direction is summed. EFI Is expressed by the following equation (1) . 

TFI = PdH • SA - PdL (SA - SB) + f1 (1) 

[0046] On the other hand, an upward force f2 of the buffer spring 66 and an upward electromagnetic force F act on 
40 the guide rod portion 44 (Including the valve body portion 43) of the working rod 40. The pressures that act on the 
exposed surfaces of the valve body portion 43, the guide rod portion 44 and the movable iron core 64 are simplified as 
follows. First, the upper end surface 43a of the valve body portion 43 is divided into the inside portion and the outside 
portion by an imaginary cylinder (shown by two broken lines) corresponding to the inner peripheral surface of the con- 
necting passage 47. It can be assumed that the discharge pressure PdL acts downward on the inside portion (surface 
45 area: SC - SB) and the crank pressure Pc acts downward on the outside portion (surface area; SO - SC) . 

[0047] On the other hand, in consideration of the pressure balance at the upper and lower surfaces of the movable 
iron core 64, the crank pressure Pc, which is transmitted to the solenoid chamber 63, acts on the surface area corre- 
sponding to the cross -sectional area SD of the guide rod portion 44 to press the lower end surface 44a or the guide rod 
portion 44 upward. If the total force EF2 that acts on the valve body portion 43 and the guide rod portion 44, using the 
50 upward direction as the positive direction, are summed, 2:F2 is expressed by the following equation (2) . 

rF2 = F 4. f2 - PdL (SC - SB) - Pc (SD - SC) + Pc • SD (2) 
= F + f2 + Pc • SC - PdL (SC - SB) 

55 [O048] In the process of calculating the above equation (2), - Pc • SD was canceled by + Pc • SD, and the term of 
Pc • SC remained. Supposing that the influence of the crank pressure Pc, which acts on the upper and lower surfaces 
43a, 44a of the guide rod portion 44 (including the valve body portion 43), acts only on one surface (the lower surface 
44a) of the guide rod portion 44. the effective pressure receiving surface area relating to the crank pressure Pc in the 
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guide rod portion 44 can be expressed by SD - (SD - SC) = SC . That is, as far as the crank pressure Pc is concerned, 
the effective pressure receiving surface area of the guide rod portion 44 is the same the bore diameter area SC of the 
connecting passage 47 in spite of the cross-sectional area SD of the guide rod portion 44. As described above, in this 
specification, when the same kind of pressures act on both ends of a member such as a rod or the like, a substantial 
5 pressure receiving area which permits the consideration of an assumption that the pressure collectively acts only on 
one end portion of the member is particularly called as "effective pressure receiving surface area" in respective of the 
pressure. 

[0049] Since the working rod 40 is an integrated member fomried by connecting the connecting portion 42 to the 
guide rod portion 44, its position is detemnined by the mechanical balance of £F1 = ZF2 . The following equation (3) is 
10 based on EFI = rF2 . 

F - f1 + f2 - (PdH - PdL) SA + (PdL - Pc) SC (3) 

[0050] In the above equation (3), f1, f2, SA and SC are fixed parameters that are primarily defined in the steps of 
15 mechanical design, the electromagnetic force F is a variable parameter that changes in accordance with the amount of 
power supply to the coil 67, and the discharge pressure PdL and the crank Pressure Pc are variable parameters that 
change in accordance with the operation conditions of the compressor. 

[O051] As apparent from this equation (3), the control valve of Rg. 3 controls the opening degree of the valve so 
that the balance between the gas pressure load obtained by multiplication of the primary differential pressure APX (PdH 
20 " PdL) and the secondary differential pressure APY (PdL - Pc) by the respective pressure receiving surface areas and 
the total load of electromagnetic force F and the activated forces f1 and f2 is satisfied. Then, the working rod 40 (both 
upper and lower end surfaces 43a, 44a), which is sensitive to the pressure PdL and Pc, forms a second pressure sens- 
ing structure. 

[0052] Fig. 6 is a graph showing the characteristics of the control valve, which satisfies the above equation (3) and 
25 which was obtained by the simulation of the primary differential pressure APX and the secondary differential pressure 
APY with a computer while keeping the suction pressure Ps and the crank pressure Pc at constant levels. The param- 
eter is the duty ratio Dt. 

[0053] If the duty ratio Dt is constant, the average current that flows through the coil 67 is constant and the electro- 
magnetic force F also is substantially constant That is, the characteristic curves shown in Fig. 6 can be said as the fact 

30 that they were calculated supposing that the left side of the equation (3) is substantially constant As described above, 
the right side of the equation (3) Is the total of the gas pressure load based on the primary differential pressure APX and 
the secondary differential pressure APY. To keep this load constant, if the secondary differential pressure APY is = 
increased, the primary differential pressure APX must be decreased. As a result, the characteristic curves slant to the .-: 
right. If this balance is not kept, the opening degree of the valve is decreased or increased, and the crank pressure Pc ■ 

35 is changed and control of the discharge displacement of the compressor takes place. 

[0054] According to the control valve of the present embodiment, which has such operation characteristics, the 
opening degree of the valve is determined as follows. First, when there Is no energization of the coil 67 (Dt = 0%), the 
action of the return spring 57 (specifically, the force of f 1 - f2) dominates, and the working rod 40 Is moved to the lowest 
position, which is shown in Fig. 3. At that time, the valve body portion 43 of the working rod 40 is spaced furthermost 

40 from the valve seat, and the valve is fully. 

[0055] On the other hand, when the minimum duly ratio Dt(min) is applied to the coil 67, at least the upward elec- 
tromagnetic force F is greater than the downward force f 1 of the return spring 57. The upward force F generated by the 
solenoid portion 1 00 and the upward force f2 of the buffer spring 66 resist the downward force f 1 of the return spring 57 
and the downward pressing force based on the primary differential pressure APX and the secondary differential pres- 

45 sure APY. As a result, the valve body portion 43 of the working rod 40 is positioned with respect the valve seat 53 so 
that the equation (3) is satisfied, and the opening degree of the control valve is determined. In accordance with the thus 
determined opening degree of valve, a supply amount of gas to the crank chamber 5 through the supply passage 28, 
38 is determined and the crank pressure Pc is controlled in accordance with a discharge amount of gas from the crank 
chamber 5 through the bleed passage 27. 

50 [0056] Results obtained by computer simulation are shown in Figs. 5 to 7. The characteristics of the secondary dif- 
ferential pressure APY in relation to the refrigerant flow rate Q of the refrigerant circulating circuit are shown in Fig. 7. 
The control valve characteristics of the secondary differential pressure APY in relation to the primary differential pres- 
sure APX are shown in Fig. 6. The fixed restrictor 39 characteristics of the primary differential pressure APX in relation 
to the refrigerant flow rate Q are shown in Fig. 5. The duty ratio Dt is changed to an optional value between Dt (min) 

55 and DT (max). However, the graphs of Figs. 6 and 7 show only the characteristic curves in a limited cases of "Dt (min), 
Dt(1), . . . Dt (4),DT (max)". 

[0057] It can be seen from Fig. 7 that if the secondary differential pressure APY is increased when the energization 
of the coil 67 of the control valve follows a certain duty ratio Dt, the refrigerant flow rate Q becomes small. Particularly, 
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in a region where the secondary differential pressure APY is relatively small in a certain characteristic curve, the 
amount of change of the refrigerant flow rate Q with respect to the change of the secondary differential pressure APY 
is smalt. That is, to satisfy the balance of the equation (3), the relative importance of the primary differential pressure 
APX increases and the Icinetic relative importance of the secondary differential pressure APY decreases. However, as 
5 the secondary differential pressure APY increases, the rate of change of the refrigerant flow rate Q with respect to the 
change of the secondary differential pressure APY Increases. That is, to satisfy the balance of the equation (3), the rel- 
ative importance of the primary differential pressure APX decreases and the kinetic relative importance of the second- 
ary differential pressure APY increases. 

[0058] In Fig. 7, an inclined straight line 1 03 shows the characteristics of the refrigerant circulating circuit in an idling 
10 state of the vehicle engine E (a state where the number of revolutions of the engine is stabilized at very low level) and 
in a state where the cooling load is stabilized at substantially an intermediate degree of load. Even ff the discharge dis- 
placement became maximum during the idling state of the engine E, the workload of the compressor, that Is, the dis- 
charge amount of the refrigerant gas to the external refrigerant circuit 30, is small, and the refrigerant flow rate Q of the 
refrigerant circulating circuit only reaches a small rate of about Q1 . Therefore, when the refrigerant flow rate Q is con- 
15 trolled in a small and narrow range from the vicinity of zero for the minimum discharge displacement to Q1 for the max- 
imum discharge displacement, as shown in Fig. 5, to maintain the characteristics shown by the straight line 1 03, control 
of the primary differential pressure APX in a narrow range is needed because the fixed restrictor 39 characteristics are 
non-linear 

[0059] On the other hand, as apparent from Fig. 7, the straight line 1 03 crosses the respective characteristic curves 
20 obtained when the energization to the coil 67 of the control valve was performed in a range from the duty ration Dt (2) 
to Dt (max) at substantially right angles. Thus, the duty ratio Dt of Dt (2) to Dt (max) can be used for controlling the pri- 
mary differential pressure APX. Therefore, if duty ratio control Is used, the primary differential pressure APX in a narrow 
range can be controlled with high precision. Thus, even if the values of the refrigerant flow rate Q in the control range 
are in a small and narrow range, high precision control of the refrigerant flow rate Q is accomplished. That is, the con- 
25 trollability of the opening degree of the valve is improved over substantially the whole range of the refrigerant flow rates 
in the refrigerant circulating circuit. 

(Control System) 

30 [0060] As shown in Figs. 2 and 3. the vehicle air conditioner has an overall control device 70. The control device 70 
is a control unit including a CPU, a ROiy/l, a RAM and an I/O interface. A detecting device 71 is connected to the I/O 
input terminal for detecting external information, and the driving circuit 72 is connected to the I/O output terminal. The 
control device 70 computes an appropriate duty ratio Dt based on at least various external information provided from 
the detecting device 71 and instructs the output of the driving signal at the duty ratio Dtto the driving circuit 72. The 

35 driving circuit 72 outputs the instructed driving signal having the duty ratio Dt to the coil 67. In accordance with the duty 
ratio Dt of the driving signal provided to the coil 67, the electromagnetic force F of the solenoid portion 1 00 of the control 
valve is changed. 

[0061] Sensors of the detecting device 71 include, for example, an A/C switch (ON/OFF switch of the air conditioner 
which the vehicle passenger operates), a temperature sensor for detecting the temperature Te (t) in the vehicle passen- 
40 ger compartment, a temperature setter for setting the desired temperature Te (set) in the passenger compartment, and 
an accelerator opening degree sensor for detecting the accelerator angle or the opening degree of a throttle valve In the 
intake passage of the engine E. The throttle valve position is also used to reflect the rate of accelerator pedal depres- 
sion by the driver. 

[0062] Next, the duty control by a control device 70 for the control valve will be described briefly with reference to 
45 Figs. 8 to 1 0. 

[0063] The flow chart of Fig. 8 shows the main routine of an air conditioning control program. When the vehicle igni- 
tion switch (or starting switch) is turned ON, the control device 70 receives power and starts processing. The control 
device 70 performs various initial setting in accordance with the initial program in step 841 (hereinafter referred to as 
merely "S41", and the same shall apply to other steps) of Fig. 8. For example, an initial value or a provisional value is 
50 given to the duty ratio Dt of the control valve. After that the processing goes to monitoring status, processing the duty 
ratio shown in S42, and the following processes, 

[0064] In S42, until the A/C switch is turned ON, the ON/OFF conditions of the switch are monitored. When the A/C 
switch is turned ON, the process goes to a routine (S43) for determination of an exceptional status. In S43, whether the 
vehicle is in a steady state, that is, in the exceptional driving mode or not, is determined in accordance with the external 
55 information. In this specification, the "exceptional driving mode" refers to, for example, a case where the engine E under 
in high-load conditions such as when driving uphill or when accelerating (when the driver desires at least rapid accel- 
eration) such as when passing, in any case, by comparing the accelerator opening degree presented by the detecting 
device 71 with a desired determination value, the high load conditions or vehicle acceleration state can be detemriined. 
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In this embodiment, only the exceptional condition of vehicle acceleration will be described in detail. 
[0065] When the processing does not indicate the exceptional status, the outcome of S43 is NO. In that case, the 
vehicle is regarded to be in a steady state, that is, in a usual driving mode. In this specification, the 'usual driving mode" 
refers to when a vehicle is driven in a state other than the exceptional driving mode, and is the state of the vehicle in 

5 average driving conditions. 

[0066] A usual control routine RF5 of Fig. 9 shows steps relating to the air conditioning during the usual driving 
mode. In S51 , the control device 70 determines whether the detected temperature Te (t) of the temperature sensor is 
greater than the preset temperature Te (set) by the temperature setter. When the outcome of S51 is NO, whether the 
detecting temperature Te (t) is less than the preset temperature Te (set) is determined in S52. When the outcome of 

10 S52 is also NO. it is determined that the detected temperature Te (t) is the same as the preset temperature Te (set) . 
Accordingly, a change of the duty ratio Dt, which leads to the change of the air conditioning capability. Is not needed. 
Thus, the control device 70 leaves the routine RF5 without changing the duty ratio Dt. 

[0067] When the outcome of S51 is YES, it is expected that the passenger compartment is hot and the heat load is 
large. Therefore, in S53 the control device 70 increases the duty ratio Dt by a unit AD and changes the duty ratio Dt to 

75 a con-ected value (Dt AD) and instructs the driving circuit 72 accordingly. Then, the electromagnetic force F of the 
solenoid portion 1 00 is increased. Since the balance of the various forces on the working rod 40 is not performed by the 
primary differential pressure APX and the secondary differential pressure APY at that time, the working rod 40 is moved 
upward, whereby more force is applied by the return spring 57. Thus, the greater downward force f 1 of the retum spring 
57 is countered by the upward electromagnetic force R and the valve body portion 43 of the working rod 40 repositioned 

20 at a location where the equation (3) is satisfied again. 

[0068] As a result, the opening degree of the control valve (that is. the opening degrees of the supply passage 28. 
38) is decreased and the crank pressure Pc is lowered. The difference between the crank pressure Pc and the cylinder 
bore internal pressure through the piston 20 decreases and the swash plate 12 is moved to increase the inclination 
angle. Accordingly, the discharge displacement of the compressor is increased and the load torque is also Increased. 

25 If the discharge displacement of the compressor is increased, heat removal by the evaporator is also increased, the 
temperature Te (t) is lowered, and the differential pressure between the pressure monitoring points PI , P2 is increased. 
[0069] When the outcome of S52 is YES, the vehicle compartment is cold and the heat load is small. Therefore, in 
854 the control device 70 decreases the duty ratio Dt by a unit AD and changes the duty ratio Dt to a con-ected value 
(Dt - AD) and instructs the driving circuit 72 accordingly. Thus, the electromagnetic force F of the solenoid portion 100 

30 is slightly lowered. Since the balance of the various forces on the working rod 40 is not performed by the primary differ- 
ential pressure APX and the secondary differential pressure APY at that time, the wori<ing rod 40 is moved downward, 
and the force of the return spring 57 is decreased. Thus, the reduced downward force f 1 of the return spring 57 is coun- 
tered by the reduced upward electromagnetic force F. and the valve body portion 43 is positioned such that the equation- 
(3) is satisfied again. 

35 [0070] As a result, the opening degree of the control valve, that is. the opening degree of the supply passage 28. 
38, is increased, the crank pressure Pc Increases, the difference between the crank pressure Pc and the cylinder bore 
internal pressure increases, and the swash plate 12 is moved to decrease the Inclination angle. Accordingly, the dis- 
charge displacement of the compressor Is decreased and the load torque is also decreased. If the discharge displace- 
ment of the compressor is decreased, the heat removal of the evaporator is also reduced, the temperature Te (t) is 

40 increased, and the differential pressure between the pressure monitoring points P1 , P2 is decreased. 

[0071] As described above, by making the correction of the duty ratio Dt in S53 or 554, even if the detected tem- 
perature Te (t) varies from the preset temperature Te (set), the duty ratio Dt is gradually optimized. Additionally, by con- 
trolling the opening degree of the control valve the temperature Te (t) is maintained in the vicinity of the preset 
temperature Te (set) . 

45 [0072] If the outcome of S43 is YES, the control device 70 implements a series of steps shown by the acceleration 
control routine RF8 in Rg. 10. First, in S81 (preparation step), the cun-ent duty ratio Dt is stored as the return target 
value DtR. The DtR is the target value for the return control of the duty ratio Dt in S87. In S82, the currently detected 
temperature Te(t) is stored as the temperature Te (INI) at the start of the displacement limiting control. 
[0073] Then, the control device 70 starts the operation of a built-in timer and changes the setting of the duty ratio 

50 Dt to 0% in S84 to stop energization of the coil 67. Thus, the opening degree of the control valve is maximized (full open) 
by the action of the return spring 57. and the crank pressure Pc is increased. Then, in S85, whether an elapsed time 
measured by the timer has passed the preset time ST or not is determined. As long as the outcome of S85 is NO, the 
duty ratio Dt is kept at 0%. In other words, until the elapsed time from the timer start reaches at least the preset time 
ST, the control valve is kept fully open, and the discharge displacement of the compressor and the load torque are reli- 

55 ably minimized. Thus, the reduction (minimization) of the engine load upon acceleration is reliably attained during at 
least a time ST Since acceleration is generally temporary, the preset time ST may be short. 

[0074] After the time ST has passed, a determination is performed in S86 as to whether the detected temperature 
Te (t) is larger than the temperature obtained by the addition of an allowable temperature increase P to the temperature 
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Te (INI) at the start of the displacement limiting control. This detennination is to detemriine whether the temperature Te 
(t) has increased beyond the allowable temperature increase p by the elapse of the time ST. and the object of this deter- 
mination Is to determine whether a return of the cooling capability is immediately needed or not When the outcome of 
S86 is YES, the passenger compartment temperature has increased significantly. Therefore, a return control procedure 

5 of the duty ratio is performed in S87. The gist of the return control procedure is to avoid shock due to rapid change of 
the Inclination angle of the swash plate by gradually returning the duty ratio Dt to the return target value DtR. 
[0075] According to the graph shown in the illustration of S87, the time when the determination of 886 is YES is 
time t4, and the time when the duty ratio Dt reaches the return target value DtR is time t5. The Dt return is linear for a 
predermined time (t5 - 14). The time t4 - 13 corresponds to the total of the preset time ST and a time period during NO 

10 is repeated in the determination of S86. When the duty ratio Dt reaches the return target value DtR, the subroutine RF8 
is completed and the processing is returned to the main routine. 
[0076] The present embodiment has the following advantages, 

[0077] In the present embodiment, the feedback control of the discharge displacement of the compressor is per- 
formed by defining a primary differential pressure APX between two pressure monitoring points P1 , P2 in the refrigerant 

15 circulating circuit and a secondary differential pressure APY between pressures PdL, Pc, which are pressures other 
than the suction pressure Ps. as direct control objects. The suction pressure Ps, which is influenced by the magnitude 
or the heat load in the evaporator 33 is not used as a direct index in the opening degree control of the control valve in 
the refrigerant circulating circuit. Thus, without being influenced by the heat load conditions in the evaporator 33, the 
discharge displacement can be immediately decreased by external control signal during exceptional conditions when 

20 engine E performance should predominant Accordingly, the present embodiment has reliable and stable displacement 
limiting control during vehicle acceleration. 

[0078] Also, during usual conditions, the duty ratio Dt is automatically corrected (S51 to S54 in Fig. 9) based on the 
detected temperature Te (t) and the preset temperature Te (set), and the discharge displacement of the compressor is 
controlled based on the opening degree control of the control valve, using the primary differential pressure APX and the 

25 secondary differential pressure APY as Indexes. Thus, In the present embodiment, the essential object of the air condi- 
tioner, that the discharge displacement is controlled so that the difference between the detecting temperature and the 
preset temperature is decreased, is sufficiently attained. That is, according to the present embodiment, discharge dis- 
placement control of the compressor for stabilizing and controlling the passenger compartment temperature during 
usual conditions and rapid change of the discharge displacement during exceptional conditions, are compatible. 

30 [0079] When the primary differential pressure APX increases or decreases according to the change of the refriger- 
ant flow rate Q in the refrigerant circulating circuit the movable member 54 imparts force due to the primary differential 
pressure APX to the working rod 40 so that the discharge amount of the refrigerant gas from the compressor compen- 
sates for the change of the primary differential pressure APX. Therefore, even if the refrigerant flow rate Q in the refrig- 
erant circulating circuit is changed by various factors, the control of the crank pressure Pc, that is. the control of the 

35 discharge displacement, is performed so that the flow rate change is taken into account. 

[0080] The high pressure PdL, which is used for determining the secondary differential pressure APY, is the pres- 
sure at a monitoring point P2 in a high pressure region of the condenser 31 and the discharge chamber 22 of the com- 
pressor. The high pressure region Includes the pipe 36 or a passage. According to this configuration, the secondary 
differential pressure APY is a comparatively high pressure. Thus, even if the areas of the pressure receiving surfaces 

40 43a, 44a of the working rod 40 related to the secondary differential pressure APY are decreased, the force due to the 
secondary differential pressure APY can be used for positioning the working rod 40 (valve body pardon 43) . Accord- 
ingly, the degree of freedom In designing the working rod 40 (valve body portion 43) increases and miniaturization is 
easier. 

[0081] Further, when the refrigerant flow rate Q in the refrigerant circulating circuit is small, the primary differential 
45 pressure APX becomes very small because of the nonlinear characteristics of the differential pressure flow rate shown 
in Fig. 5. Thus, the primary differential pressure APX cannot Influence the positioning of the working rod 40 (valve body 
portion 43). Even when the flow rate Q is small, however, the secondary differential pressure APY influences the work- 
ing rod 40 (valve body portion 43) . Therefore, the positioning of the working rod 40 (valve body portion 43) by the com- 
bination of the primary differential pressure APX and the secondary differential pressure APY is stable, and the stability 
50 and the controllability of the opening degree of the valve are improved. 

[0082] A pressure sensing structure for the secondary differential pressure APY of the working rod is provided so 
that the discharge displacement of the compressor is decreased (the crank pressure Pc is increased) by the force of 
the secondary differential pressure APY on the working rod 40. Accordingly, since the refrigerant flow rate Q in the 
refrigerant circulating circuit is small, even when the working rod 40 cannot be urged with sufficient force in the direction 
55 that decreases the discharge displacement by the primary differential pressure APX, the working rod 40 is urged by the 
secondary differential pressure APY contradictorily increased to the decrease in the primary differential pressure APX 
in the direction that decreases the discharge displacement of the compressor as described above. As a result, even 
when the refrigerant flow rate Q is small, the discharge displacement of the compressor can be sufficiently are reliably 
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controlled. 

[0083] The secondary differential pressure APY is determined by the pressure (PdL in the present embodiment) of 
a high pressure region, including the condenser 31 and the discharge chamber 22. and the crank pressure Pc. Since 
the crank pressure Pc is significantly lower than the pressure of the high pressure region, the secondary differential 

5 pressure APY is significantly large. 

[0084] A second pressure sensing structure, which senses the pressures PdL and Pc. is formed by the working rod 
40 (valve body portion 43). Provision of members serving as only the second pressure sensing structure are not 
needed. Thus, the structure of the control valve is simple and the control valve can be miniaturized. 
[0085] Two monitoring points PI , P2 are provided in the high pressure region, which includes the condenser 31 and 

10 the discharge chamber 22. The high pressure region is Influenced little by the external heat load. Accordingly, the flow 
rate of refrigerant that flows through the refrigerant circulating circuit, that Is, the discharge displacement of the com- 
pressor, is correctly reflected by the pressures at the monitoring points PI. P2. 

[0086] A passage in the control valve is formed by the port 51 , the valve chamber 46, the connecting passage 47, 
the pressure sensing chamber 48 (the second pressure chamber 56) and the port 52, and a part of the supply passage 
15 28, SB is formed. The pressure at the pressure monitoring point P2 is higher than the crank pressure Pc. Thus, the flow 
rate of the refrigerant from the pressure monitoring point P2 to the crank chamber 5 can be directly controlled by con- 
trolling of the opening degree of the control vaJve. which is between the pressure monitoring point P2 and the crank 
chamber 5. 

[0087] The pressure detecting passage 38 is the upstream portion of the supply passage 28, 38. Therefore, as 
20 compared with the case where a flow path for conducting the refrigerant gas from the discharge chamber 22 to the valve 
chamber 46 is independent of the pressure detecting passage 38. provision of the flow path and a port in the control 
valve, which connects the flow path to the valve chamber 46. is not needed, the manufacturing steps can be decreased, 
and miniaturization of the control valve is easier. 

[0088] The solenoid portion 100 imparts electromagnetic force F, which resists the force based on the primary dif- 

25 ferential pressure APX applied to the working rod 40. and sets a target value (a preset differential pressure TPD) of the 
refrigerant flow rate in the refrigerant circulating circuit in accordance with the electromagnetic force F. Since the elec- 
tromagnetic force F imparted by the solenoid portion 100 resists the pressing force of the primary differential pressure 
APX, that the positioning (that is, the control of the opening degree of valve) of the working rod 40 is essentially based 
on the balance between the primary differential pressure APX, complemented with the secondary differential pressure 

30 APY, and the electromagnetic force F imparted by the solenoid portion 1 00. 

[0089] Even if the primary differential pressure APX is complemented with the secondary differential pressure APY, 
the change in the combination of forces due to the primary differential pressure APX and the secondary differential 
pressure APY clearly reflects the change of the refrigerant flow rate Q in the refrigerant circulating circuit. Therefore, 
after the working rod 40 is moved to a position where the combination of forces and the electromagnetic force F are 

35 balanced, when the opening degree of valve is stabilized, the crank pressure Pc of the compressor is stabilized, the dis- 
charge displacement is fixed, and the refrigerant flow rate Q in the refrigerant circulating circuit is substantially constant. 
Thus, the solenoid portion 1 00 that imparts the electromagnetic force F, which resists the pressing force due to at least 
the primary differential pressure APX on the wori<ing rod 40, functions as a flow rate-preset device that sets the target 
value (preset differential pressure TPD) of the refrigerant flow rate Q in the refrigerant circulating circuit in accordance 

40 with the electromagnetic force F. 

[0090] In the control valve of the present embodiment, the electromagnetic force F is appropriately changed by the 
control of energization of the coil 67. As a result, the target value (preset differential pressure TPD) of the refrigerant 
flow rate Q in the refrigerant circulating circuit can be changed externally. As long as the electromagnetic force F of the 
solenoid portion 100 is not changed, the control valve of the present embodiment operates like a constant flow rate 

45 valve. However, in the sense that the target value (preset differential pressure TPD) of the refrigerant flow rate Q in the 
refrigerant circulating circuit can be changed by the control of the energization of the coil 67 as needed, the control valve 
of the present embodiment functions as an external control type flow rate control valve (or a discharge displacement 
control valve) . Further, the external control characteristic of flow rate (discharge displacement) makes, during excep- 
tional circumstances, changes of the displacement, which rapidly changes the discharge displacement (and the load 

50 torque) of the compressor, possible for a short time, regardless of the heat load conditions in the evaporator 33, There- 
fore, according to this control valve, the discharge displacement control of the compressor for stabilizing and maintain- 
ing the passenger compartment temperature during normal conditions and for rapidly changing the discharge 
displacement during exceptional circumstances are compatible. 

[0091] If the characteristics of the secondary differential pressure APY in relation to the refrigerant flow rate Q are 
55 those of the line 104 in Fig. 7 for example, the refrigerant flow rate Q (and the discharge displacement Vc of the com- 
pressor) can be substantially primarily changed along the line 1 04 by external control of the duty ratio Dt. Consequently, 
a return pattern of the discharge displacement Vc can be easily changed to a gentle, linear pattern as shown by the 
solid line in Fig. 15. thus shock and noise are prevented. 
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[0092] The return spring 57 moves the working rod 40 (valve body portion 43) in the direction (a direction that opens 
the valve) that decreases the discharge displacement of the compressor when the coil 67 is de-energized. Therefore, 
even if the solenoid portion 1 00 fails to operate or is Inactive, the working rod 40 is positioned by the action of the return 
spring 57, and the crank pressure Pc acts to decrease the discharge displacement, that is, the load torque of the com- 
5 pressor is minimized. Further, since the discharge displacement of the compressor is minimized by de-energizing the 
coll 67. the control valve of the present embodiment is preferred for clutchless type compressors. 

(Second Embodiment) 

10 [0093] In a second embodiment, the control valve and the supply passage of the first embodiment are changed, 
and the second embodiment is otherwise the same as the first embodiment. Therefore, the portions that are like the first 
embodiment are denoted by the same reference numerals and redundant explanations are omitted. 
[0094] As shown in Fig. 1 2, the valve portion of the control valve CV controls the opening degree (throttled amount) 
of the supply passage 28, which connects the pressure nnonitoring point P1 to the crank chambers. The working rod 

15 40 of the solenoid portion 100 Includes a differential pressure receiving portion 41 at its upper end, a connecting portion 

42, a valve body portion 43 and a guide rod portion 44 at its lower end. If the cross-sectional areas of the differential 
pressure receiving portion 41 , the connecting portion 42, and the guide rod portion 44 (including the valve body portion 
43) are defined as SC (d3), SB (d1) and SD (d2), respectively, the relationship SB (d1) < SC (d3) < SD (d2) exits. 
[0095] Between the connecting passage 47 and the pressure sensing chamber 48 is a partition (a part of the valve 

20 housing 45). The inner diameter of the guide hole 49 for the working rod 40 in the partition matched the diameter d3 of 
the differential pressure receiving portion 41 of the working rod. The connecting passage 47 and the guide hole 49 are 
on the same axis. The inner diameter d4 of the connecting passage 47 also matches the diameter d3 of the differential 
pressure receiving portion 41 of the working rod. Therefore, the cross-sectional area SE of the connecting passage 47 
and the cross-sectional area (the cross-sectional area of the differential pressure receiving portion 41) SC of the guide 

25 hole 49 are defined so that they are equal. The cross-sectional area SA of the bottom wall of the movable member 54 
in the pressure sensing chamber 48 is larger than the cross-sectional area SC of the guide hole 49 (SC < SA). 
[0096] On the peripheral wall of the connecting passage 47 of the valve housing 45 is a radial entrance port 50. The 
entrance port 50 connects the connecting passage 47 to the pressure monitoring point Pi (discharge chamber 22) 
through the upstream portion of the supply passage 28 (see Rg, 1 1 ). The exit port 51 in the peripheral wall of the valve 

30 chamber 46 of the valve housing 45 connects the valve chamber 46 to the crank chamber 5 through the downstream 
portion of the supply passage 28. Therefore, the entrance port 50, the connecting passage 47, the valve chamber 46 
and the exit port 51 form a part of the supply passage 28 that connects the pressure monitoring point PI (discharge 
chamber 22) to the crank chamber 5. 

[0097] The first pressure chamber 55 is always connected to the pressure monitoring point P1 (discharge chamber 
35 22) through the P1 port 55a and the first pressure detecting passage 37 formed in the cap 45a. On the other hand, the 
second pressure chamber 56 is always connected to the pressure monitoring point P2 through the port 55b and the 
second pressure detecting passage 38 formed in the peripheral wall of the pressure sensing chamber 48. 
[0098] Between a fixed iron core 62 and a movable iron core 64 is a spring 69. The spring 69 acts on the movable 
iron core 64 to space the movable iron core 64 is spaced from the fixed iron core 62, that is, to move the movable iron 
40 core 64 and the working rod 40 downward. The spring 69 and the buffer spring 57 function as an initializing device for 
returning the movable iron core 64 and the working rod 40 to the lowest position (the initial position) upon de-energiza- 
tion of the solenoid. 

[0099] As shown in Fig. 1 2, the downward force f 1 of the buffer spring 57 and the downward force due to the forces 
that act on the upper and lower surfaces of the bottom wall of the movable member 54 act on the upper end of the d'rf- 
45 ferential pressure receiving portion 41 of the working rod. While the pressure receiving area of the upper surface of the 
bottom 'wall of the movable member S4 is SA, the pressure receiving area of the lower surface of the bottom wall of the 
movable member 54 is (SA - SC) . An upward force due to gas pressure PdH acts on the lower end surface (pressure 
receiving area: SC - SB) of the differential pressure receiving portion 41 . 

[0100] Referring to Fig. 13, the pressures that acts on the all exposed surfaces of the valve body portion 43, the 
50 guide rod portion 44 and the movable iron core 64 are discussed briefly. First, at the upper end of the valve body portion 

43, the gas pressure PdH acts downward on the inner portion (surface area: SE - SB) of a circle having the same inner 
diameter as the internal peripheral surface of the connecting passage 47, and the crank pressure Pc acts downwand on 
the outside portion (surface area: SD - SE) thereof. Further, an upward electromagnetic force reduced by the downward 
force f2 of the spring 69 acts on the guide rod portion 44 (including the valve body portion 43) . When forces that act on 

55 the working rod 40 and the movable member 54 are summed, assuming the downward direction is a positive direction, 
the forces are expressed by the equation (4) . 

PdH • SA - PdL (SA - SC) + f 1 - pdH (SC - SB) + pdH (SE - SB) + PC (SD - SE) - PC • SD - F + f2 = 0 (4) 
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[0101] When the above equation (4) is summed, the following equation (5) is obtained. 

(PdH - PdL) (SA -SC) + (PdH -Pc) SE = F - f 1 - f2 (5) 

5 [0102] As apparent from the equation (5), In the control valve CV In Fig. 12, the opening degree of the valve is con- 
trolled so that a balance between the gas pressure loads of the primary differential pressure APX (PdH - PdL) and the 
secondary differential pressure APY (PdH - Pc) multiplied by the pressure receiving surface areas respectively and the 
total loads of the electromagnetic force F and the activated forces fl. f2 of the springs 57, 69, is satisfied. Thus, the 
working rod 40 (the valve body portion 43), which senses the pressures PdH, Pc, forms a second pressure sensing 

10 structure. 

[0103] When the coll 67 Is not energized (Dt = 0), the spring 69 dominates, and the working rod 40 Is moved to the 
lowest position shown in Fig. 12. Then, the supply passage 28 is fully open. On the other hand, if the duty ratio is min- 
imized, at least the upward electromagnetic force F is greater than the downward force (f1 + f2) of the springs 57, 69. 
[0104] In the control valve CV, the working rod 40 is positioned so that the equation (5) is satisfied, and the opening 

15 degree of the supply passage 28 is determined. When the primary differential pressure APX (PdH - PdL) is increased 
and the opening degree of the supply passage 28 is large, the flow rate of the refrigerant from the pressure monitoring 
point PI to the crank chambers is increased. This decreases the pressure of the pressure monitoring point P1 , and the 
tendency of the primary differential pressure APX (PdH - PdL) to increase is reduced. That is, when a control procedure 
that keeps the flow rate of refrigerant constant is employed, hunting, which varies the flow rate, is reduced or eliminated. 

20 Therefore, vibration and noise of the swash plate 12 due to the deviation of the crank pressure Pc by the hunting is 
reduced or eliminated. 

(Other Modifications) 

25 [0105] The pressure monitoring points PI (PsH) and P2 (PsL) may be arranged in the flow path 35 between the 
evaporator 33 and the suction chamber 21 or in the suction chamber 21 as shown by encircled dots in Rg. 2. 
[0106] The control valve can be used as a valve for controlling the crank pressure Pc by the control of the opening 
degree of the bleed passage 27 instead of that of the supply passage 28, 38. 

[0107^ The control valve can be used as a three-way valve for controlling the crank pressure Pc by the control of 
30 the opening degrees of both the supply passages 28, 38 and the bleed passage 27. 

[0108] The control valve may be applied to a wobble plate type displacement variable compressor. 

[0109] In the control valves of the first and second embodiments, the crank pressure Pc Is applied to the solenoid. 

chamber 63, arid the secondary differential pressure APY is obtained from PdL (or PdH) and the crank pressure Pc. 

Alternatively, by using, for example, pressure (for example, Ps) of a low pressure region including the evaporator 33 and 
35 the suction chamber 21 that is applied to the solenoid chamber 63, the secondary differential pressure APY can be 

obtained from the PdL (or PdH) and the pressure Ps. 

[0110] In the second embodiment, refrigerant in the first pressure chamber 55 may be conducted into the entrance 
port 50. In this case, the upstream portion of the supply passage 28 can be omitted by connecting the first pressure 
chamber 55 to the entrance port 50 through a passage provided outside or inside the valve housing 45. 
40 [0111] In the second embodiment, the cross-sectional area SE of the connecting passage 47 and the cross-sec- 
tional area SC of the guide hole may be set at different values. 

[0112] It should be apparent to those skilled in the art that the present invention may be embodied in many other 
specific forms without departing from the spirit or scope of the invention. Therefore, the present examples and embod- 
iments are to be considered as illustrative and not restrictive and the invention is not to be limited to the details given 

45 herein, but may be modified within the scope and equivalence of the appended claims. 

[0113] A control valve is used for a cooling apparatus having a compressor including a displacement variation 
mechanism and an external refrigerant circuit connected to the compressor to form a cooling circuit. The discharge dis- 
placement of the compressor is regulated by controlling a control pressure, which acts on the displacement control 
mechanism. The control valve has a housing and an internal passage. The internal passage Includes a valve chamber 

50 defined in the housing. A valve body is located in the valve chamber and controls the opening degree of the internal 
passage. A first pressure sensing structure senses the differential pressure between two pressure monitoring points in 
the cooling circuit, that Is, a primary pressure, and transmits a force corresponding to the primary pressure to the valve 
body. A second pressure sensing structure senses a secondary pressure, which is different from the primary pressure, 
and applies the secondary pressure to the valve body. The valve body is positioned in the valve chamber by a combi- 

55 nation of forces corresponding to the primary pressure and the secondary pressure, and the opening degree of the 
internal passage is controlled accordingly. 
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Claims 

1. A control valve for a cooling apparatus having a compressor^ which includes a displacement control mechanism 
(12), and an external refrigerant circuit (30), which Is connected to the compressor to form together with the com- 
5 pressor, a cooling circuit, wherein the control valve changes the discharge displacement of the compressor by con- 

trolling a control pressure that acts on the displacement control mechanism, the valve being characterized by: 

a housing (45); 

an Internal passage provided in the housing, the internal passage including a valve chamber (46); 
10 a movable valve body (43) provided in the valve chamber for controlling the opening degree of the Internal pas- 

sage; 

a first pressure sensing structure (54), which senses the difference between two pressure monitoring points 
located in the cooling circuit, wherein the difference is a primary pressure, wherein the first pressure sensing 
structure transmits a force corresponding to the primcuy pressure to the valve body; and 
IS a second pressure sensing structure (40). which senses a secondary pressure that is different from the pri- 

mary pressure and applies a force corresponding to the secondary pressure to the valve body, wherein the 
valve body (43) is positioned in the valve chamber (46) by a combination of forces corresponding to the primary 
pressure and the secondary pressure to control the opening degree of the internal passage. 

20 2. The control valve according to claim 1 , characterised by that the first pressure sensing structure acts on the valve 
body so that when the primary pressure is changed due to a change of refrigerant flow rate in the cooling circuit, 
the change of the primary pressure is canceled by the discharge amount of refrigerant from the compressor. 

3. The control valve according to claim 1 . characterized by that the cooling circuit includes a condenser and an evap- 
25 orator, the compressor includes a suction chamber and a discharge chamber, the condenser and the discharge 

chamber of the compressor form a high pressure region, the high pressure region including a passage between the 
condenser and the discharge chamber, the evaporator and the suction chamber of the compressor form a low pres- 
sure region, the low pressure region including a passage between the evaporator and the suction chamber, and the 
secondary pressure is based on a pressure from the high pressure region. 

30 

4. The control valve according to claim 3, characterized by that the second pressure sensing structure acts to 
decrease the discharge displacement of the compressor based on the secondary pressure. 

5. The control valve according to claim 3, characterized by that the secondary pressure is the difference between a 
35 pressure from the high pressure region and a pressure from the low pressure region or the difference between the 

pressure from the high pressure region and the control pressure. 

6. The control valve according to claim 5, characterized by that the valve body is the second pressure sensing struc- 
ture. 

40 

7. The control valve according to claim 3, characterized by that the two pressure monitoring points are located in the 
high pressure region. 

8. The control valve according to claim 3, characterized by that the compressor has a control pressure region, the 
45 pressure of which controls the displacement variation mechanism, a supply passage for connecting the control 

pressure region to the high pressure region, and that the internal passage is included in the supply passage. 

9. The control valve according to claim 7, wherein the internal passage is included in a supply passage for connecting 
one of the two pressure monitoring points to the control pressure region. 

50 

10. The control valve according to claim 9, characterized by that the internal passage is included in a supply passage 
for connecting a low pressure monitoring point of the two pressure monitoring points to the control pressure region, 
wherein a high pressure chamber and a low pressure chamber are defined by the first pressure sensing structure, 
and refrigerant flows through the two pressure monitoring points into the chambers, respectively, and the low pres- 

55 sure chamber is in the internal passage, and refrigerant flowing into the low pressure chamber flows to the control 
pressure region through the internal passage. 

11. The control valve according to claim 9, characterized by that the internal passage is included in a supply passage 
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for connecting a high pressure monitoring point of the two pressure monitoring points to the control pressure 
region, wherein a high pressure chamber and a low pressure chamber are defined by the first pressure sensing 
structure, and refrigerant flows through the two pressure monitoring points into the chambers, respectively, and the 
pressure of the low pressure chamber is independent from that of the internal passage. 

12. The control valve according to claim 1 , further comprising a flow rate setting device, the flow rate setting device set- 
ting a target value of the refrigerant flow rate in the cooling circuit. 

13. The control valve according to claim 12, characterized by that the flow rate setting device includes an electromag- 
netic actuator having a variable output force, wherein the output force is varied by an external electrical control. 

14. The control valve according to claim 13, characterized by that the valve body is positioned so that the discharge 
displacement of the compressor is decreased when the electromagnetic actuator de-energized. 

15. The control valve according to claim 1 , characterized by that the compressor is a swash plate type or wobble type 
compressor i'l which the piston stroke varies based on the control pressure. 

16. The contro* v^K/e acceding to claim 1 , characterized by that the first pressure sensing structure includes a movable 
member provided «r the housing, the movable member defining first and second pressure chambers in the housing, 
wherein the pressure chambers are exposed to the pressures of the pressure monitoring points, respectively. 

17. The control valve according to claim 1 , further comprising a working rod for linking the valve body to the first pres- 
sure sensing structure, wherein the second pressure sensing structure includes a pressure receiving surface 
formed on the working rod. wherein the secondary pressure acts on the pressure receiving surface. 
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Fig. 3 
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Fig. 14 
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